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Abstract 
HT-PEFC systems designed for operation with diesel and kerosene are currently being developed in 
Jülich. Fuel processing reactors consisting of an autothermal reformer, a two-stage water-gas shift reactor 
and a catalytic burner were designed with the aim of maximizing heat integration and minimizing system 
volume. The stack is designed for operation with reformate coming from fuel processing.
This paper highlights the system architecture as well as experimental results in the 5 kWel power class. 
The integrated system concept was characterized via sub-system experiments. The stack performance was 
tested under system-relevant conditions. Finally, actual system performance was compared with APU 
targets.  
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1. Introduction 
Fuel-cell-based auxiliary power units (APU) offer fuel savings and emission reduction. The use of 
diesel fuel and kerosene (referred to as middle distillates) in a fuel cell system after proper fuel processing 
makes it possible to benefit from the existing fuel infrastructure and the high energy density of liquid 
fuels. The APU can be operated with the same fuel used for the main propulsion of the vehicle.  
Trucks and aircraft are potential applications for diesel- and kerosene-fuelled fuel cell systems. The 
truck application focuses on conventional diesel fuel as well as on synthetic diesel fuels such as BTL 
(biomass to liquid) and GTL (gas to liquid) diesel. Kerosene-based turbine fuels such as Jet A-1 or JP 8 
and synthetic fuels such as BTL and GTL Kerosene are the focus of systems development for aircraft. In 
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case of trucks, there are two application areas for auxiliary power units. These are sleeper trucks with a 
power demand of 3-5 kWel and refrigerated lorries with a power demand of 10-20 kWel of the 
refrigeration unit. Sleeper trucks benefit from the high efficiency of the fuel cell system in comparison to 
a low engine efficiency during idling. The potential of small fuel cell APUs was evaluated as an 
alternative to idling the main engine in [1]. In the case of refrigeration, fuel-cell-based systems offer 
advantages in terms of local pollutant and noise emissions, especially at the delivery sites. Decoupling the 
refrigeration from the main engine allows independent and continuous cooling during parking at night. 
The main application in aircraft is on-board power supply with higher power demands in the range of 
100-400 kWel. In terms of electricity supply to aircraft, fuel cell systems allow significant fuel savings 
during ground operation. This has a direct impact on local emissions. Apart from this, fuel cell technology 
offers additional advantages for aircraft operation, such as tank inerting, water production and heat 
production. This makes fuel cell systems attractive for operation during flight as well. The potential of 
fuel-cell-based APU systems for use in aircraft was evaluated in [2]. Novel approaches for the integration 
of high temperature polymer electrolyte fuel cells (HT-PEFC) into aircraft were discussed in [3]. 
The US Department of Energy (DOE) publishes targets for 1-10 kWel fuel cell auxiliary power units 
operating on standard ultra-low sulfur diesel fuel [4]. These criteria suit well to the truck application. The 
target for electrical efficiency has been defined as 30% for the year 2013, whereas the ultimate target of 
40% is to be reached in 2020. A power density of 30 Wel/l has been defined for 2013 in comparison to the 
2020 target of 40 Wel/l. In [5], several publications were evaluated in the area of fuel-cell-based auxiliary 
power units for aircraft. The electrical efficiency target for aircraft has been defined as 40%, which is 
identical to the ultimate target for trucks. The power density target of 750 Wel/l is much higher than that 
for trucks. This is mainly due to the very high power density of the gas turbines conventionally used as 
APUs on aircraft. 
This paper focuses on the development of HT-PEFC systems using reformate from reforming middle 
distillates. The long-term stability of autothermal reforming has already been demonstrated for up to 
5,000 hours using different fuel qualities such as diesel [7], Jet A-1 [8] and GTL Kerosene [9] in other 
works published by the research group. For this reason, autothermal reforming has been chosen as the 
reforming process here. HT-PEFCs are based on phosphoric acid doped polybenzimidazole membranes. 
Under typical operation temperatures between 160 °C and 180 °C the CO tolerance amounts to 1-2%. 
This makes the HT-PEFC an attractive fuel cell type for operation with reformate. Operation without 
humidification and high exhaust temperature levels are further advantages from the system point of view. 
A detailed review on the HT-PEFC technology is given in [10]. References [11-13] give an overview of the 
stability and durability of HT-PEFCs. 
This paper focuses on the system aspects. In the first section, the actual system design will be 
introduced. Then, the concept presented will be validated via sub-system experiments. In the third 
section, the current status will be analyzed in terms of system efficiency and power density. The final 
section sums up the discussion and provides an outlook. 
2. HT-PEFC system with autothermal reforming of middle distillates 
An overview of the system built in Jülich is given in Figure 1. The main components of the system are 
the autothermal reformer (ATR), the water-gas shift reactor (WGS), the HT-PEFC stack and the catalytic 
burner (CAB). The autothermal reformer converts the liquid fuel together with air and steam into a 
hydrogen rich gas. The two-stage WGS reactor consisting of the high-temperature (HTS) and low-
temperature (LTS) shift stages reduces the carbon monoxide (CO) contained in the hydrogen-rich 
reformate to a level of 1 vol.%. The HT-PEFC converts the chemical energy contained in the reformate 
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together with air to electricity and heat. The anode off-gas is burned in the catalytic burner leading to a 
clean, low-emission system.  
A special aspect of the system design is its heat management. Both reformer and catalytic burner are 
equipped with integrated heat exchangers to utilize process heat in the system for educt conditioning. 
After the reforming reaction, the reformate is cooled down to a temperature level that is appropriate for 
the inlet of the downstream shift reactor. Between the shift stages, cooling is achieved using water 
quenching. The resulting evaporated steam is then used in the reaction supporting the shift equilibrium in 
the direction of reaction products hydrogen and carbon dioxide. The heat exchanger after the WGS 
reactor cools the reformate down to the operation temperature of the HT-PEFC. At the same time, 
cathode air is pre-heated in this heat exchanger.  
The flow sheet in Figure 1 contains two condensers which are mainly used for cooling down the 
exhaust gases and separating water to close the water balance. The laboratory system will however be 
operated with fresh water. Water autarky will be realized at a later development level. The system 
contains two electrical heating cartridges which are used to start up the fuel processor part. A tempering 
unit is used to heat the stack at the start and cool it during normal operation. Two additional heat 
exchangers are located downstream of the tempering unit and are used to adjust the stack inlet 
temperatures for reformate and air during characterization experiments. The electrical heating cartridges, 
the tempering unit and both heat exchangers will be removed in the second development stage. The 
system is designed in such a way that it can be characterized extensively, to learn more about the direct 
coupling of the fuel processor with the stack. 
Fig. 1. Flow sheet of the HT-PEFC system for operation with middle distillates  
3. Concept validation via sub-system experiments 
The aim of this section is to validate the system design presented above using sub-system experiments. 
Firstly, the steam preparation concept will be analyzed. This will be followed by the coupling of the 
reformer with the water-gas shift reactor. Finally, the stack performance will be investigated under 
system-relevant conditions.  
3.1. Steam preparation concept 
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The autothermal reformer in Figure 1 is operated with cold fuel and air combined with superheated 
steam. The steam temperature is critical to achieve complete fuel evaporation and a homogeneous mixture 
of fuel, steam and air in the mixing chamber. As mentioned previously, both reformer and catalytic burner 
are equipped with integrated heat exchangers to utilize process heat for educt conditioning. However, the 
combination of reaction heat and its temperature level from a single reactor is not sufficient to cover the 
energy required to evaporate and superheat the necessary amount of steam for reforming. Therefore, this 
task is shared by both reactors. A part of the water required is completely evaporated in the catalytic 
burner heat exchanger and mixed with the remaining fresh water. The resulting saturated steam is then fed 
into the reformer heat exchanger to be evaporated and superheated. Since only a part of the water is 
evaporated in the catalytic burner heat exchanger, the process can be controlled using the steam 
temperature, which is higher than the saturation temperature. By varying the ratio of evaporated water to 
fresh water, the steam production process can be controlled during normal system operation. However, 
the reformer heat exchanger must simultaneously cool the reformate to a lower temperature level, so that 
it can be directly fed into the downstream water-gas shift reactor without further treatment. The aim of 
steam preparation experiments is to characterize the heat recovery concept during the reforming mode in 
order to find suitable parameter combinations to achieve the following targets: 
x a maximum reformate temperature of 400 °C, the design point is 400 °C, 
x a minimum steam temperature of 400 °C, the design point is 460 °C. 
The characterization experiments were carried out using the “design of experiments” methodology. 
Further information on this approach can be found in [6]. The characterization was carried out using a 23
factorial plan using 3 parameters in each case. In all experiments, the reformer was operated with an 
oxygen-to-carbon ratio of 0.47 and a steam-to-carbon ratio of 1.9.  
The catalytic burner was replaced by an electrical vaporizer in the characterization experiments, since 
only heat delivery from this reactor is relevant. The first experiment was carried out using GTL Kerosene 
in the 8th generation reformer ATR 8 in the 5 kWel power class. The most important parameter for 
characterization was the ratio of evaporated water to cold water. As a second parameter, the vaporizer 
temperature was varied. The third parameter was the ratio of cold air to total air, as it reveals the effect of 
air preheating on the target parameters. The reformer load was kept constant at 1080 g/h. The results of 
this experiment are shown in Figure 2.  
Fig. 2. Characterization of heat recovery and steam preparation using GTL Kerosene in ATR 8 (a) no air preheating; (b) 30% of air
is preheated. n(O2)/n(C)=0.47, n(H2O)/n(C)=1.9, GHSV=23,760 h-1, fuel feed=1080 g/h. 
The measured temperatures for steam and reformate are shown on the z-axis. The x- and y-axes show 
the variations in the ratio of evaporated water to cold water and vaporizer temperature, respectively. The 
third parameter was kept constant in each surface. In (a) the system was operated without preheating the 
air and in (b) 30% of the reforming air was preheated. The overall results show that the ratio of 
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evaporated water to cold water has a big influence on both target values. The vaporizer temperature has a 
less significant effect. Operation with preheated air increases the temperature levels; but operation is also 
possible without preheating. The most important result from the experiments with GTL Kerosene in 
ATR 8 is that the minimum requirements for the steam and reformate temperatures can be achieved using 
different parameter combinations. However, none of the parameter combinations resulted in the design 
values of 460 °C for steam and 400 °C for reformate. This is most probably due to the heat exchanger 
design, since only a minimum difference was measured between the temperature profiles for reformate 
and steam. 
In the next experiment, HC Kerosene was tested using ATR 8. The reformer is designed for operation 
with fuels containing maximum 10 ppm sulfur. HC kerosene is the fuel fraction after hydrocracking in the 
refinery process and can be considered as desulfurized Jet A-1 without additives. The first parameter for 
characterization was again the ratio of evaporated water to cold water. The second parameter was the ratio 
of cold air to total air. In this experiment, the vaporizer temperature was kept constant at 200 °C. As the 
third parameter, the reformer load was varied.  
The results of this experiment are presented in Figure 3. It can be seen that the temperature profile 
measured using HC Kerosene is similar to that using GTL Kerosene. Additionally, the dependency of the 
target parameters on the reformer load can be seen. In this experiment, the reformer load was varied 
between 80% corresponding to 1080 g/h kerosene (see Figure 3(a)) and 100% corresponding to 1350 g/h 
kerosene (Fig 3(b)). The results show that the temperature profile is not very much sensitive to load 
changes. In the case of full load operation, the difference between steam and reformate temperatures is 
minimal.  
Fig. 3. (a) Characterization of heat recovery and steam preparation using HC Kerosene in ATR 8 under (a) part load; (b) full load.
n(O2)/n(C)=0.47, n(H2O)/n(C)=1.9, GHSV=24,010 – 30,020 h-1, fuel feed=1080-1350 g/h. 
Furthermore, the experimental results for GTL Kerosene and HC Kerosene under the same operation 
conditions can be compared. In the case of operation with HC Kerosene, the temperatures are slightly 
higher for steam and reformate. This can be explained by the increased binding energy in HC Kerosene 
due the presence of aromatic compounds in this fuel. In both cases, the minimum requirements are 
fulfilled and the steam preparation concept is validated. However, the temperature difference between 
steam and reformate is low. When the steam temperature is increased further, the reformate temperature 
also increases and exceeds its maximum limit. The measured temperature profile is acceptable for 
operation with short-chained hydrocarbons without aromatics. The low steam temperature is at a 
minimum level, which could lead to problems if heavy fuels with high aromatics content are fed into the 
reformer. 
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Design modifications in the next reformer generation, ATR AH1 in the 7 kWel power class could 
allow, the target temperature difference between steam and reformate to be achieved. Figure 4 shows the 
experimental results with this reformer generation. The reformer load was varied between 60% and 100% 
using 1215 g/h and 2025 g/h GTL Kerosene, respectively. The vaporizer temperature was varied between 
200 °C and 300 °C. The maximum ratio of vaporized to cold water was limited by 60% due to restrictions 
with flow meters. 25% of air was preheated in the vaporizer together with steam.  
Figure 4 shows a considerable temperature difference between the steam and reformate. In further 
experiments, temperatures of 450 °C for steam and 393 °C for reformate were reached with a vaporizer 
temperature of 200 °C without preheating air when 70% of ATR water demand was vaporized in the heat 
exchanger of the catalytic burner. These results agree with the design points and design parameters of the 
complete system. This reformer is better suited to the requirements of complicated fuels with a high 
aromatic content such as Jet A-1 and diesel fuel.  
Fig. 4. Characterization of heat recovery and steam preparation using GTL Kerosene in ATR AH1. n(O2)/n(C)=0.47, 
n(H2O)/n(C)=1.9, GHSV=17,840 – 29,720 h-1, fuel feed=1215-2025 g/h. 
3.2. Testing of autothermal reformer coupled with water-gas shift reactor 
As presented in Figure 1, the reformate is cooled down in the reformer heat exchanger before leaving 
the reformer. Reformer and high-temperature shift reactor are coupled directly with each other. The 
cooling between the HTS and LTS stages is realized via water quenching. Added water evaporates and 
cools the reformate after the HTS stage. An increased partial pressure of steam helps the water-gas shift 
reaction to proceed towards products. As a result, there are two possibilities of influencing the 
performance of the shift reactor during system operation: the inlet temperature of reformate into the HTS 
stage and the amount of water added between shift stages. The target parameter is the CO concentration at 
the exit of the WGS reactor.  
Due to the non-linear dependency of the factors on the target parameter, a 32 factorial design was 
selected to characterize the coupling of the reformer with the shift reactor. Details on the methodology are 
given in [6]. The reformer generation ATR 8 and the shift reactor generation WGS 3, both in the 5 kWel
power class, were used. Two different kerosene qualities were used in the experiments: GTL Kerosene 
and HC Kerosene. In the first experiment, the system was operated with GTL Kerosene with partial load 
at an overall gas hourly space velocity (GHSV) of approximately 25,000 h-1 in the WGS reactor. The 
second experiment was carried out with HC Kerosene with full load at a GHSV of approximately 
31,400 h-1. The range for the exit temperature of the reformer and the amount of water fed into the LTS 
were determined in preliminary experiments. The reformer exit temperature was adjusted with the help of 
experimental findings from the previous part. The reformate from GTL Kerosene was typically composed 
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of 31.0 vol.% N2, 22.3 vol.% H2O, 9.0 vol.% CO2, 7.5 vol.% CO, 29.5 vol.% H2, 0.2 vol.% CH4 and 
0.5 vol.% Ar. For HC Kerosene, the typical composition was 32.4 vol.% N2, 24.3 vol.% H2O, 7.7 vol.% 
CO2, 8.9 vol.% CO, 26.0 vol.% H2, 0.1 vol.% CH4 and 0.5 vol.% Ar.  
Fig 5 shows the measured CO concentrations as a function of the shift inlet temperature and water feed 
using (a) GTL Kerosene and (b) HC Kerosene as fuel in the reformer. For the extreme cases with low 
inlet temperatures and high water feed rates, much higher CO concentrations than 1 vol.% were 
measured. This was due to the poor reaction kinetics caused by low temperatures in the LTS. Apart from 
the extreme cases, a broad operation window was achieved for maximum 1 vol.% CO at the shift reactor 
outlet using both fuels. This offers great flexibility during system operation, since deviations from design 
temperatures and flow rates can occur during dynamic operation. The shift reactor can manage these 
deviations for a wide range of operation parameters. In the case of reforming HC Kerosene, the increased 
CO content in the reformate and the lower residence time compared to operation with GTL Kerosene had 
no negative effect on the conversion performance. These experimental results validate the system concept 
for coupling the reformer with the shift reactor. The concept is not only valid for a single design point, but 
also for a range of different parameter combinations.  
Fig. 5. CO concentrations after the shift reactor measured during the coupled operation of the reformer with the shift reactor using
(a) GTL Kerosene; (b) HC Kerosene. n(O2)/n(C)=0.47, n(H2O)/n(C)=1.9 for the ATR, GHSVWGS=25,000 – 31,400 h-1, fuel feed 
ATR =1080-1350 g/h. 
3.3. Stack performance under system-relevant conditions 
In the final part of concept validation, HT-PEFC stack performance was analyzed using reformate 
from kerosene reforming. For this purpose, three different stacks were used. Firstly, HT-PEFC stacks 
from the company Sartorius were tested. This was followed by two different stack generations developed 
in Jülich. Table 1 gives an overview of the tested stacks. The measured polarization curves are shown in 
Figure 6.  
Sartorius stacks were tested using dry reformate (after water condensation) from autothermal 
reforming of GTL Kerosene. Two stacks with a total number of 120 cells, each cell with an area of 
200 cm2 were used in experiments. Due to the direct coupling of the stacks with the fuel processor, the 
amount of fuel supplied to the stack was defined by the reformer load. Two different polarization curves 
were recorded using two different reformer loads. Using 1073 g/h GTL Kerosene, a maximum utilization 
of 56% was achieved. Increasing the current density further led to a big voltage drop, resulting in unstable 
operation of the stack. With the increased reformer load of 1620 g/h, measurements with higher current 
densities were realized. However, the maximum utilization was limited by 47% in this case due to the 
same problem outlined above. It must be noted here that the Sartorius stacks were stored for a long period 
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of time before being tested in the system. This led to a much lower performance than expected [14] from 
the outset, even with pure hydrogen. Due to the low single-cell performance, the operation temperature 
was increased to 180 °C in order to achieve an acceptable performance for the measurements in this work. 
The maximum power level reached was 2.3 kWel.
Table 1. Tested stacks 
  Sartorius Jülich Stack III Jülich Stack IV 
Number of stacks 2 1 2 
Number of cells in total 120 20 70 
Cell area 200 cm2 320 cm2 320 cm2
Fuel Reformate from fuel processor after 
water condensation 
Synthetic reformate Synthetic reformate 
Composition (vol.%) 1.1% CO, 43.5% H2, 19.2% CO2,
34.6% N2, 0.4% CH4, 0.6% Ar 
1% CO, 32.8% H2, 14.8% 
CO2, 51.4% N2
1% CO, 32.8% H2, 66.2% N2
Utilization 1073 g/h GTL Kerosene: max. 56 % 
1620 g/h GTL Kerosene: max. 47 % 
50 % 83% 
Operation temperature 180 °C 175 °C 160 °C 
Jülich stack III was tested using synthetic reformate. As seen in Table 1, the synthetic reformate 
contains less hydrogen than real dry reformate due to dilution with water. The water content was replaced 
with nitrogen in the simulated synthetic reformate for the sake of system simplicity. The 3rd generation 
stack was built in a modular fashion with two stack modules, each containing 10 cells with an active area 
of 320 cm2 per cell. This time, the performance was limited as some cells showed a poorer performance 
than others. The measurements were performed at an operation temperature of 175 °C. This is 15 K 
higher than the optimal operation temperature of the stacks. The stack was operated with 50% hydrogen 
utilization and an air ratio of 2.5 at the cathode side. In comparison to the stack performance using 
Sartorius stacks and real reformate, Jülich stack III showed a better performance. Due to a lower active 
cell area in total, the maximum power reached was lower at less than 1 kWel.
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Fig. 6. Polarization curves using different stacks under system relevant conditions. 
The most promising results were measured with Jülich stack IV. The better overall performance 
compared to the other stacks made it possible to increase the current density to 0.5 A/cm2 at the design 
temperature of 160 °C with a high hydrogen utilization of 83% in the stack. The stack was operated with 
an air ratio of 2 at the cathode side. More than 5 kWel power was generated under these conditions, which 
are equivalent to the design parameters for the complete system. These results show that Jülich stack IV is 
ready for system integration into a 5 kWel HT-PEFC system operating with reformate. 
4. Analysis of current status 
To date, the performance of sub-systems making up the complete system including stacks has been 
analyzed using experiments. Experiments for steam preparation and reformer-shift coupling verified the 
feasibility of the proposed system design. Testing the stack performance using synthetic reformate under 
system-relevant conditions proved the suitability of the developed stack for system integration. As the 
next step, a complete system according to the flow sheet in Figure 1 has been built in Jülich to 
characterize the complete system performance. The experiments are due to be carried out in fall 2012 and 
the results will be published in future. At this point, the current technology status can be analyzed using 
the experimental results published in this paper. The analysis is based on two criteria: system efficiency 
and power density.  
Figure 7 presents the analysis results for system efficiency. Cases 1 to 3 are the results of the systems 
analysis calculations for 5 kWel HT-PEFC systems operating with GTL Kerosene. In each of the three 
cases, the net electric system efficiency (direct current) was calculated for a certain combination of 
average cell voltage and hydrogen utilization.  
Fig. 7. Analysis of current status of system efficiency. 
As shown in Figure 7, increased values for average cell voltage and hydrogen utilization lead to 
increased system efficiencies. According to different assumptions for both parameters, system efficiencies 
between 25% and more than 40% are achieved. The DOE target for 2013 is 30%. Operating the stack at 
650 mV with a hydrogen utilization of 83% leads to approx. 33% system efficiency with optimized 
balance of plant (BOP) components. Using state-of-the-art technology for BOP components, an efficiency 
level of approx. 32% is attained. The DOE efficiency target for 2020 of 40% can be achieved with rather 
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ambitious operation parameters, such as 90% hydrogen utilization and 750 mV average cell voltage. This 
will only be economically and practically possible if significant improvements are made in the 
electrochemical performance of HT-PEFC technology.  
Considering the actual performance of the fuel processor and stack investigated in this paper, a system 
efficiency of approx. 23% can be achieved at full load (5 kWel). Partial load operation offers much higher 
system efficiencies, for example, more than 30% at 2 kWel. Higher system efficiencies for early 
applications of the HT-PEFC at its current technological level can be realized by over-dimensioning the 
stacks at the expense of higher capital costs, which is acceptable for niche applications.  
The power density of the system was also analyzed. The packaged fuel processor for 10 kWel has a 
volume of 85 l. This results in a power density of 120 Wel/l. Two stacks delivering 5 kWel like those 
tested in this work, have a total volume of 94 l. This results in a power density of 53 Wel/l. Considering 
this fuel processor and two stacks as a 5 kWel system, a power density of approx. 28 Wel/l can be 
achieved. This is only slightly lower than the 2013 DOE target of 30 Wel/l. However, the 5 kWel system 
package built in Jülich comprising a packaged fuel processor and stacks has a volume of 836 l and a 
power density of 6 Wel/l. This rather low power density must be improved at the system level to achieve 
the targets. One solution is to improve the power density of the components and packaging at the systems 
level. The stacks, in particular, offer a significant volume reduction potential. The stacks are built 
modularly using 10-cell stack modules. Each stack module contains its own end plates to enable the quick 
exchange of single modules. Simply building stacks with more cells could lead to significant volume 
reduction. Additionally, improving the electrochemical performance of HT-PEFCs will directly reduce 
the number of cells required, thus leading to compacter stacks. Finally, operation with an increased 
hydrogen utilization of 90% instead of 83% will reduce the stack volume, as the required total active cell 
area further decreases. 
5. Conclusions and outlook 
HT-PEFC systems operating with diesel and kerosene are very promising for APU applications in 
various areas. The available fuel stored on board can be used in a more efficient way using fuel cell 
technology than conventional truck idling or gas turbine operation on the ground. This contributes to the 
reduction of greenhouse gas emissions and local pollutants. Synthetic-based alternative fuels such as GTL 
and BTL fuels offer an additional advantage. These fuels have high power densities for storage due to 
their liquid form and they also foster the transition to a sustainable energy system as they are not based on 
crude oil. 
Experimental results with the fuel processor and stacks discussed in this paper are promising for 
complete system tests. The sub-system experiments for steam preparation and the coupling of the 
reformer and shift stages validated two important concepts for system design. Different combinations of 
operation parameters for the system achieved the target design values. Stack tests with synthetic 
reformate were carried out under conditions relevant for system operation. The target power level of 
5 kWel was attained, making the current stacks suitable for system operation. 
The results of systems analysis calculations showed the operation conditions under which different 
targets can be reached in terms of system efficiency. Calculations using the measured fuel processor and 
stack performance showed that a system efficiency of approximately 23% can be achieved with the 
demonstrated state of the art of these components. At partial load, efficiencies above 30% are possible. It 
was also shown that the system efficiencies can be improved by enhancing the electrochemical 
performance of the HT-PEFC and increasing hydrogen utilization. Comparison of the system power 
density with targets showed that significant improvements are necessary. One solution involves a 
lightweight stack design and further packaging at the system level.  
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